Humans might have a propensity to associate a collective of multiple outgroup males with threat, even in the context of minimally defined groups. We tested this hypothesis using a fear-conditioning paradigm (Study 1) and a signal detection paradigm (Study 2). Results of Study 1 suggest that stimuli showing ingroup males are more easily associated with threat than stimuli showing outgroup males. Results of Study 2 suggest a bias to perceive single males (both ingroup and outgroup) as more threatening than multiple outgroup males. We discuss the contrast with results of previous studies.
Introduction
There is a substantial amount of psychological research suggesting that outgroup males are often perceived as threatening (Fessler & Holbrook, 2013; Maner et al., 2005; Miller, Zielaskowski, & Plant, 2012; Navarrete et al., 2009 Navarrete et al., , 2012 Olsson, Ebert, Banaji, & Phelps, 2005; Payne, 2001) . A collective of multiple outgroup males may be particularly threatening. Multiple individuals who form a coalition tend to be more powerful (due to their numerical advantage) than single individuals and therefore have more ability to inflict harm. Members of species in which social life is highly coalitional should therefore be particularly sensitive to the number of individuals in a coalition.
Consistent with this evolutionary argument, lions and chimpanzees typically restrain from aggression if they do not outnumber the opposite group (McComb, Packer, & Pusey, 1994; Wilson, Hauser, & Wrangham, 2001) , and human infants as young as 6-12 months-old are able to infer social dominance from relative numerical size (Pun, Birch, & Baron, 2016) . From the perspective that it is functional for threat-detection mechanisms to minimize false negatives (Haselton & Nettle, 2006) , individuals should be more prone to infer the presence of a threat when they perceive collectives of allied individuals than when they perceive single individuals. The current research tests whether humans are prone to perceiving collectives of multiple outgroup males as particularly threatening.
We tested the hypothesis that humans have a tendency to associate multiple outgroup males with threat using a fear-conditioning paradigm (Study 1) and a signal detection paradigm (Study 2). Fear-conditioning paradigms have been used to investigate preparedness for learning to fear particular kinds of stimuli. Signal detection paradigms have been used to investigate tendencies to perceive particular kinds of stimuli as threatening. As previous research suggest that outgroup males may be associated with threat even when the ingroup-outgroup distinction is minimal (Miller et al., 2012; Navarrete et al., 2012) , both studies tested the hypothesis using a minimal group manipulation (Tajfel, Billig, Bundy, & Flament, 1971) .
Study 1
We first conducted a Pilot Study to verify our ability to observe fear conditioning (see Supplementary materials S1). Study 1 used a similar paradigm to assess fear learning for stimuli showing individual ingroup males, individual outgroup males, multiple ingroup males, and multiple outgroup males.
Method
We recruited 71 male participants at universities in Lyon, France. Participants were compensated (12 EUR) for their participation. We applied the same exclusion criteria as Olsson et al. (2005) , giving N = 66 (age M = 23.35, SD = 7.77).
Before the fear conditioning par t of the st udy, participants were randomly assigned to a green group or an orange group based on a minimal group manipulation (Tajfel et al., 1971) . Participants were presented with three pairs of modern art paintings and indicated on an answer sheet for each pair the painting they preferred. The experimenter then ostensibly assessed their scores and then told them that based on their preferences, they were placed in the green (or orange, randomly) group and were asked to put on a green (or orange) sweater.
In the fear-learning paradigm, we used eight pictures showing one or four male-like avatars with neutral facial expressions. The avatars had shirts of the ingroup or outgroup color. The fear conditioning paradigm consisted of three phases. During the habituation phase pictures were presented sequentially on the computer screen, without any sound. There were three habituation trials per picture. During the acquisition phase, for each of the four picture categories, one picture (the conditioned stimulus or CS+) was always followed by a 200 ms loud burst of white noise (the unconditioned stimulus, US) directly after the picture
Coalitional threat presentation, while the other picture of that category was never followed by the US and thus constituted the CS-. (The intensity of the white noise was calibrated by each participant in a work-up procedure before the experiment to be uncomfortable, but not painful.) There were five acquisition trials per picture. The extinction phase was identical to the habituation phase, except that there were six extinction trials per picture. For more information about the method see Supplementary materials S2.
Results

Ratings of stimuli
To verify that participants had perceived the stimuli as intended, we analyzed their ratings of the pictures. Participants perceived outgroup avatars as more different than ingroup avatars and perceived multiple avatars as more groupish than single avatars. Furthermore, multiple outgroup avatars were perceived as more dangerous than single outgroup avatars, whereas multiple and single ingroup avatars were perceived equally dangerous (see S2 for analysis).
Skin conductance
We computed conditioned responses (CRs) as in Olsson et al. (2005) . Table 1 shows mean CRs for the habituation, acquisition, and extinction phases, for all four conditions. We observed no significant CRs in the habituation and extinction phases. In the acquisition phase we observed a CR for pictures of multiple ingroup males and single ingroup males. A two-way repeated-measures ANOVA of the CRs in the acquisition phase revealed no Color × Number interaction effect, F(1,65) = 0.10, p = .75, no main effect of number, F(1,65) < 0.01, p = .99, and a trend for the effect of color, F(1,65) = 2.70, p = .105.
Study 2
Study 2 tested the hypothesis using a signal detection paradigm. For social perception, a bias for false alarms 17 might result in perceiving the emotion of anger in actually expressionless faces of outgroup targets associated with threat (Maner et al., 2005) .
However, adjusting the perception of anger towards false alarms is not necessarily the optimal design for a threat-detection mechanism. It might be better to bias behavior, rather than perception or encoded information, because this allows the accurate encoded information to be used in other contexts (Perilloux & Kurzban, 2015) . Therefore, it is an empirical question whether a particular error-management strategy involves biased perceptions.
Method
We recruited 298 participants via Amazon Mechanical Turk. Participants were compensated (US $0.85) for their participation. We analyzed data for N = 257 (152 females, 105 males, age M = 35.67, SD = 11.60). Most participants were White (n = 205) or Black/African American (n = 15).
Participants were randomly placed in either a Green or Orange group and then completed a signal detection task.
The signal detection task consisted of one practice block of 12 trials and two test blocks of 80 trials. We used 20 pictures showing one or more male-like avatars as background stimuli. All background avatars had a neutral facial expression. We used 20 pictures of human male faces as target stimuli. These target pictures showed 10 males with either neutral or angry expressions.
Background stimuli and targets were varied according to a 2 (target face emotion: neutral vs. anger) × 2 (avatar shirt color: ingroup vs. outgroup) × 2 (avatar number: individual vs. group) within-subjects design. The research question is whether participants have different tendencies to perceive a signal (i.e., perceive an angry face) when the target is accompanied by different background stimuli.
In each test block, there were 10 trials for each cell in the design (in random order). Trials with an angry target stimulus were considered signal trials. The task for participants was to indicate whether the target picture showed an angry facial expression. For details on the method see Supplementary materials S3. 
Coalitional threat
Results
We computed the response bias c using the standard correction for hit rates of 1 and false alarm rates of 0 (Stanislaw & Todorov, 1999 ). For the current task, a more negative value of response bias c means that a participant had a stronger tendency to indicate the presence of an angry face (i.e., a lenient threshold for detecting a signal). Thus, for background pictures with multiple outgroup males we predicted lower values for c.
Response bias c scores were analyzed with a 2 (color: ingroup vs. outgroup; within-subjects) × 2 (number: individual vs. group; within-subjects) × 2 (participant sex; between-subjects) mixed-design ANOVA that included all interaction effects. The model revealed a significant main effect for number, F(1, 255) = 11.825, p = .001, partial η 2 = .044, which was qualified by a 3-way interaction of Sex × Color × Number, F(1, 255) = 5.757, p = .017, partial η 2 = .022. All other ps > .148.
We examined estimated marginal means to interpret these effects. The main effect of number indicated that on average, values for c were lower for individual primes (M = 0.294, SE = 0.016) than for group primes (M = 0.344, SE = 0.016), p = .001. The effect of Sex × Color × Number indicated that the effect of number differed across the conditions of color and sex (see Figure 1) . For female participants, number had a significant effect for outgroup primes (p < .001), but not for ingroup primes (p = .180). In contrast, for male participants, number had no effect for outgroup primes (p = .954) but had a significant effect for ingroup primes (p = .021).
for minimal outgroup targets (Navarrete et al., 2012) . The results are broadly in line with recent findings that fear learning for different kinds of outgroups may show learning effects of different strength (Golkar, Björnstjerna, & Olsson, 2015) .
Two differences between the stimuli used in the current study and those by Navarrete et al. (2012) point to an explanation for the inconsistent findings. First, in our study the US consisted only of a burst of noise, whereas Navarrete et al. used both noise and an electric shock. Second, Navarrete et al. used pictures that showed one male each, with only a part of their torso. A classic finding on avoidance learning is that not all CS are equally easily associated with a US (i.e., rats more easily learn to associate taste with nausea than they learn to associate bright-light-plus-noise with nausea; Garcia & Koelling, 1966) . Similarly, minimal outgroup males might be more easily associated with an aversive stimulus when the males are perceived as nearby and the aversive stimulus is tactile.
The results of Study 2 did not support the hypothesized bias to perceive a threat when presented with pictures showing multiple outgroup males. In contrast to Study 1, the results did not show an effect of color (i.e., values for c did not differ for ingroup and outgroup targets). However, as Study 2 did not contain a manipulation check for explicit identification with the ingroup and outgroup avatars, the absence of an effect for the minimal group manipulation should be interpreted tentatively. Nevertheless, the main effect observed in Study 2 was for the number manipulation and was opposite to our prediction: participants were less likely to perceive threats after seeing images with multiple males.
Two differences in methodology might explain the inconsistent findings. Studies that have observed increased threat perceptions for outgroup males have typically used stimuli referring to existing racial categories (e.g., Correll, Wittenbrink, Park, Judd, & Goyle, 2011; Maner et al., 2005) and/or involved a weapon-detection task (Miller et al., 2012) . In contrast, the current study involved minimal groups and a task of detecting facial expressions. Although previous research suggests that threat detection processes may bias the perception of emotion in faces, it might be that such processes of over-perceiving emotion in faces do not generalize to signal detection tasks involving minimal groups. Furthermore, there is ongoing debate about whether perception is influenced at all by top-down cognitive and motivational processes (Firestone & Scholl, 2016) .
In summary, we failed to find evidence that minimal cues of outgroup membership increase fear learning and threat perception. Additionally, we failed to find evidence that another theoretically relevant variable, the numerical size of an outgroup, increases fear learning and threat perception. This suggests that previous findings of biased fear learning and threat perception for minimal outgroup targets are not easy to replicate conceptually, i.e., with comparable but slightly different experimental methods. 
Discussion
The results of St udy 1 provide no suppor t for the hypothesized increased fear learning for stimuli showing multiple outgroup males. We failed to conceptually replicate that in a minimal group context, a single outgroup member is more associated with threat than a single ingroup member. These results contrast with previous findings of increased fear learning (i.e., acquisition) 
